Abstract Second-hand tobacco smoke (SHS) is a major indoor pollutant that causes serious health problems for all exposed, especially children. Children are often exposed to SHS at home, due to parental or other households' or guests' smoking. This study describes Portuguese children's exposure to SHS at home (total and by Portuguese main regions).
Introduction
Second-hand smoke (SHS) is the smoke released into the environment mainly by burning cigarette tobacco. It is composed of a complex mixture of thousands of gases and micro-particles, including nicotine and several carcinogens, toxic and irritating substances. In 1992, the U.S. Environmental Protection Agency (EPA) 1 declared SHS as a group A amongst human carcinogens, concluding that there is no safe limit to this exposure. In 2000, the World Health Organization (WHO) European Office published the indoor air quality guidelines also concluding that it is not possible to define a safe limit for SHS exposure. 2 Exposure to SHS causes lung cancer and cardiovascular diseases and has a particularly negative impact on pregnancy and on children's health, namely, causing reduced intrauterine growth, spontaneous abortion, preterm birth, low birth weight, sudden death syndrome, ear problems, and respiratory diseases. 2, 3, 4 Children are particularly vulnerable to SHS since they have a less developed airways system and a still immature immune system. 5, 6, 7 Prevalence of chronic respiratory symptoms, such as cough, wheezing and dyspnoea, is higher among children exposed to SHS. 4, 7, 8 These children have also a greater risk of lower respiratory tract infections (pneumonia and bronchiolitis), asthma attacks, and recurrent otitis media. 4, 5, 8, 9 Children's exposure to SHS is quite often the result of the tobacco smoked by their parents at home and/or from permissiveness towards the smoking behaviour of others indoors. 10 Another important risk of this parental behaviour is the proven influence on the likelihood of children becoming smokers in the future. 11, 12 Despite these consequences, the WHO estimates that worldwide about half of the children (700 million) are exposed to SHS, mainly in their own homes. 9, 13 Two Portuguese studies revealed that 38% and 41% of the children were daily or occasionally exposed to SHS caused by their parents' smoke. 14---16 To better prevent children's exposure to SHS we need more information about the parents, other cohabitants and houseguests smoking habits. This study describes smoking habits in Portugal and children's exposure to SHS at home. It was carried out by region to get a more detailed view of the situation and to support decisions on prevention of this risk for children's health.
Material and methods

Study design and sampling procedure
This is a cross-sectional study conducted in the school year of 2010/2011 based on a self-administered questionnaire filled in by 3187 Portuguese children in the 4th grade (mean age 9.05 ± 0.7 years; 51.1% male).
Convenience and random sampling methods were combined to select the participants of this study. Nine municipalities (Angra do Heroísmo, Braga, Covilhã, Évora, Faro, Funchal, Lisboa, Porto, Viana do Castelo) representing the seven main regions of Portugal (NUTs II: Azores, Alentejo, Algarve, Centre, Lisbon, Madeira and North) were chosen for the sake of convenience. Considering the number of 4th grade students from the nine municipalities as a total population, and estimating that each class has 20 students, a proportional number of classes per each municipality were randomly chosen to participate in the study. The students' response rate per municipality was between 69.2% (Funchal) and 91.9% (Angra do Heroísmo) with an average of 77.5%.
Questionnaire
The questionnaire that was used had been developed and validated for this study. It contained multiple choice questions and four open-ended questions to measure the following variables:
Socio-demographic variables: Age, Sex, Fathers' and Mothers' Education level and Socio-economic level.
Children's exposure to SHS at home: Smoker family members (''does not smoke'', ''yes, sometimes'', ''yes, every day'' or ''I don't know/I do not have any''), Family members and visitors' permission to smoke at home (''does not smoke'', ''yes, every day'', ''yes, sometimes'' and ''does not smoke at home'' or ''I don't know/I do not have any/does not live in my house'') and rules concerning smoking inside the house (''smoking is not allowed in any part of the house''; ''smoking is allowed in some parts/rooms of the house''; ''smoking is allowed in any parts/rooms of the house'' and ''smoking is allowed only on special occasions'').
Procedure
The project and the questionnaire were approved by the Portuguese Ministry of Education. Once authorization was granted by the Governing Body of each School Group, head teachers were contacted and guidelines were given about obtaining parental or guardian authorization and about administration of the questionnaire. The questionnaires were administered according to a protocol in the classrooms by trained teachers or by members of the project team.
Data analysis
The data gathered were analyzed through the statistical software IBM SPSS Statistics version 20 for Windows. 
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Results
Participant socio-demographic characteristics and their distribution throughout the Portuguese regions (NUTs II) are presented in Table 1 . Fathers' education level was inferior or equal to the 9th grade in 48.8% of the cases. Mothers' education level was inferior or equal to the 9th grade in 45.5% of the cases. In terms of socioeconomic level, 68.9% of the cases were classified in the lowest level (classes C and D) and the remaining in the classes A and B. Observed differences according to sex, fathers' and mothers' education level and socioeconomic level by Portuguese regions were statistically significant. More than half (52.0%) of the children had at least one smoking mother or father (Table 2) , consequently, these children were potentially exposed to SHS in their own homes. The differences between the various regions regarding the prevalence of a smoking mother or father were statistically significant ( 2 = 26.6; p < 0.001) and vary from 46.4% in the Centre Region to 58.5% in the Lisbon Region (OR = 1.6; p = 0.007).
In this sample, 43.7% of the fathers and 29.3% of the mothers were smokers. The prevalence of smoking fathers differs by region ( 2 = 24.3; p = 0.026) from 38.7% in Algarve to 48.4% in Lisbon. Also among mothers, the smoking prevalence varies significantly by region, from 23.3% in the North to 38.2% in Lisbon ( 2 = 57.7; p < 0.001). Among the participants, 18.5% both parents were smokers. The differences between regions in this category were statistically significant ( 2 = 34.1; p < 0.001) and vary between 14.8% in the North to 24.1% in Lisbon.
Children's exposure to SHS at home is presented in Table 3 . In the total sample, 29.5% of the participants claimed they were exposed to SHS caused by a smoking parent---mother and/or father (16.9% occasionally and 12.6% on a daily basis). The exposure to the fathers' smoke (23.5% in total and 30.0% in Lisbon) is more common than the exposure to the mothers' smoke (18.2% in total and 25.9% in Lisbon). A smoking guest was the most frequent cause of children's exposure to SHS and affected around a third of the participants (32.6%, 18.3% occasionally and 14.3% daily).
Comparing children with non-smoking parents and with smoking parents (Table 4) , we found great differences in the prevalence of children's exposure to SHS at home. These differences are statistically significant in the total sample and in all regions considered. For instance, in relation to the total sample, of the children with non-smoking parents, 19.2% were exposed to SHS at home, whereas of the children with smoking parents, the prevalence rate of those exposed was 63.3% ( 2 = 598.8; p < 0.001). On the other hand, in the subgroup with smoking parents, 37.1% of the participants declared that they were not exposed to SHS at home. 
Discussion and conclusions
This study aims to describe children's exposure to SHS at home based on a sample of Portuguese children attending the 4th school grade. The study presents data from the total sample and from the main Portuguese administrative regions (NUTs II): Alentejo, Algarve, Azores, Centre, Lisbon, Madeira and North. The SHS at home is caused by the smoking of parents, other family members and guests. In this sample, 43.7% of the fathers and 29.3% of the mothers were smokers. Comparing this with the prevalence for the group 35---44 years old obtained in the latest National Health Survey, the results of this study are similar for men (43.7% and 44.6%) and are substantially higher for women (29.3% and 20.9%).
17
More than half of the participants had a smoking parent (mother or father) and for almost a fifth both parents smoked, thus increasing the risk of exposure to SHS and the severity of this exposure. These data were substantially different within the various regions studied, thus reinforcing the hypothesis that people's social context is an important determinant of parents smoking behaviour and of children's exposure to SHS at home.
A guest who smokes is the most common cause for children's exposure to SHS at home, suggesting that rules concerning smoking at home are more easily ignored when the family has visitors. Children's exposure to SHS at home due to the smoking of their parents (mother, father or both) is also common, including 30% of the study participants. Children's exposure to SHS resulting from the smoking of the father is slightly higher than that resulting from the smoking of the mother, but the percentage of smoking mothers who smoke at home was higher than the one of smoking fathers. These results put even more stress on the risks of female smoking and the need for more information and more awareness campaigns on this issue targeted to women.
The results show that a substantial proportion of smoking parents do not smoke at home. This is an important finding, confirming that it is possible to be a smoker and, yet, partially protect children and the family house from SHS ---only partially since smokers pollute their house even when they do not smoke there because they carry toxic tobacco substances on their clothes and body (third-hand smoke). 13 Of the parents who smoke at home, the majority smoke only occasionally, which might be seen as a sign that they are aware of the risks and that they are actively trying to avoid them. Investing in increasing the awareness of the smoking parents about the SHS risks may expand this homeprotecting behaviour.
Comparing the subgroups with smoking and non-smoking parents, we found great differences in children's exposure to SHS. On the one hand, even in cases with non-smoking parents about a fifth of the children was exposed to SHS at home and, on the other hand, in cases with smoking parents more than a third seems to be protected from SHS exposure at home. These results confirm the need to raise awareness about this risk among general population and to insist on measures to prevent it.
The analysis by region reveals both significant and coherent differences. Lisbon has the highest prevalence of children exposed to SHS at home. In relation to the National Health Survey, Lisbon is also the Portuguese region with the highest prevalence of women who smoke. 17 Lisbon is the main region of Portugal, so, these results may work as a negative forecast, suggesting that the Portuguese situation may worsen in the coming years.
This study has some limitations. First of all, the sample only includes children attending the 4th school grade, which is an important limitation to take into account. The sample size is quite small in some regions and the sampling method is limited, which means that the sample is not always totally representative at regional and at national levels. The data gathering was based on children's self-report without a biological validation, which is another limitation of the study: these limitations are the result of budgetary restrictions. Despite these limitations, this is the first study performed in Portugal with a large sample of the population attending the 4th school grade which includes participants from all of the seven main regions of Portugal, thus allowing a good description of the situation regarding Portuguese children's exposure to SHS at home.
To conclude, Portuguese children's exposure to SHS was high, especially when their parents smoke. SHS exposure association with geographic regions suggests the influence of social and contextual factors on smoking behaviour and on tobacco control. Our findings highlight the need of effective prevention measures to avoid children's SHS exposure at home and to promote a more equitable society.
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